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(57) A nickel powder dispersion prepared by adding 
an organic solvent to an aqueous nickel powder disper- 
sion consisting of a ultrafine nickel powder having a 
mean particle diameter of no more than one micrometer 
and an aqueous solvent. In such a state that the organic 
solvent has replaced at least part of the aqueous sol* 
vent The dispersion may further contain a surface ac- 
tive agent The nickel powder dispersion possesses 
very good nickel powder dispersibility. When used in 
fonning an electrically conductive paste, it shows excel- 
lent dispersibility in the paste dispersant. Multilayer ce- 
ramic capacitors fabricated using the paste are protect- 
ed against shortcirculting or delamination which can oth- 
erwise result from electrode surface Inregularities. 
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Description 

(Field of the invention) 

s [0001] This invention relates to an ultrafine nickel powder dispersion and, more particularly, to an ultrafine nickel 
powder dispersion for preparing an electrically conductive paste, for example, such a paste for forming Internal elec- 
trodes of multilayer ceramic capacitors, to a process for preparing the ultrafine nickel powder dispersion, and also to 
a process for preparing a highly dispersible electrically conductive paste using the niclcel powder dispersion. 

10 (Prior art) 

[0002] Powders of precious metals such as silver, palladium, platinum, and gold, and also of base metals such as 
nickel, cobalt. Iron, molybdenum, and tungsten have hitherto t>een used in forming electrically conductive paste as 
electronic material, especially as conductive paste for forming internal electrodes of multilayer ceramic capacitors. In 

IS general, a multilayer ceramic capacitor is made up of a plurality of dielectric ceramic layers and a plurality of metal 
layers that form internal electrodes laminated In an altemate arrangement, and two external electrodes formed at t>oth 
ends of the two outermost dielectric ceramic layers for connection to the metal layers of the internal electrodes. The 
material to be used in forming the dielectric memi:>ers is one consisting mainly of a material of high dielectric constant, 
such as barium titanate, strontium titanate. or yttrium titanate. For the metal to constitute the Internal electrodes, pow- 
. 20 ders of the above-mentioned precious and t>ase metals have usually t>een used. More recently, weight has been placed 
on the base metal powders to meet the demand for less expensive electronic materials. In particular, the multilayer 
ceramic capacitors with electrodes of dielectric ceramic layers of nickel powder films are under active development 
[0003] The multilayer ceramic capacitors using electrodes of nickel powder coated films are commonly manufactured 
in the following way. First, dielectric powder of barium titanate or the like is mixed with an organic binder to form a 

25 suspension^ and the suspension is spread to a sheet form by the doctor blade method to obtain dielectric green sheets. 
In the meantime nickel powder to form internal electrodes is mixed and dispersed with organic compounds such as 
organic solvent, plastidzer, and organic binder to form nickel powder paste. The paste is printed by screen printing 
onto ttie green sheets. The printed sheets are then dried, laminated, and compressed with other memk>ers, and the 
organic ingredients are removed by heat treatment. The multilayer structure is sintered at around or above 1300<'C, 

30 and finally external electrodes are baked onto both outemnost ends of the laminated dielectric ceramic layers, whereby 
a multilayer ceramic capacitor Is obtained. 

[0004] The multilayer ceramic capacitors are extensively used in cellular phones, personal computers, and other 
electronic articles. In recent years rapid progress has been made in the reduction of weight and size of the electronic 
components and in the improvement and expansion of their functions. To keep pace with the progress there has been 
35 growing demand for multilayer ceramic capacitors of smaller sizes and larger capacities. The trend calls for multilayer 
units of hundreds of layers each, with consequent reduction of the thickness of individual electrode layers and further 
lowering of resistance. Nowadays each electrode layer is as thin as from 1 to 2 fxm, and even thinner layers will certainly 
be required in the future. 

[0005] In the manufacture of multilayer ceramic capacitors, nickel powder is mixed with and dispersed in a paste- 
40 fonming dispersant to form electrodes. At this stage, if coarse nickel particles are present or if the nickel particles during 
the course of mixing or dispersing aggregate to form secondary nickel particles larger in diameter than the thickness 
of each electrode layer that ranges from 1 to 2 \un, the resulting electrode layer surfaces will be uneven, with the 
consequence that the multilayer ceramic capacitors thus obtained will be too susceptible to shortdrculting for practical 
use. Moreover, in the stage of evaporating flie organic Ingredients from the nickel powder paste and In the subsequent 
45 stage of sintering, a volumetric change of the sintered product can take place because of the expansion or shrinkage 
of the metal powder. The dielectric material too can undergo a similar volumetric change as a result of the sintering. 
Thus simultaneous sintering of the two different materials, dielectric and nickel powder, causes volumetric changes of 
the two materials with expansion and shrinkage at different temperatures during the course of sintering. These volu- 
metric changes present a problem of the fracture of laminated monoiittiic stmcture called delamination. In the form of 
50 cracking or separation of the laminated fOms. The phenomenon of delamination occurs remartcably when there are 
coarse nickel particles or excessively aggregated nickel particles as noted at>ove. 

[0006] As means for solving the delamination problem, various metiiods have heretofore been proposed. For exam- 
ple, Japanese Patent Application Kokai (Public Disclosure) No. 8-246001 teaches that the possibility of delamination 
is decreased by the use, as the material for electrodes of multilayer ceramic capacitors, of the ultrafine nickel powder 
55 produced by the vapor phase hydrogen reduction of nickel chloride vapor and which has a mean particle diameter 
between 0.1 and 1.0 iim and a tap density ttiat satisfies conditions represented by a specific fomiula. 
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(Problems that the invention Is to solve) 

[0007] The above-mentioned technique of the prior art is effective to some extent in preventing delamination. How- 
ever, nickel powder Is not always fully dispersible when it is mixed and dispersed with a paste-forming dispersant. The 

5 nickel particles tend to aggregate, with the result that the increased proportion of coarse particles renders it difficult to 
decrease the thickness of internal electrodes and makes the electrode surface uneven, leading to shortdrcuiting. In 
extreme cases these factors can combine to cause delamination. Thus there is room for improvement In the disperslbinty 
of nickel particles in a dispersant for forming an electrically conducth^e paste of nickel powder. 
[0008] It may be consklered possible to provide a nickel powder dispersion prepared by dispersing nickel powder in 

10 water beforehand instead of adding nickel powder directly to a paste-fomiing dispersant. In practice, however, the 
degree of dispersion of nickel powder at the time of forming a nickel powder paste is far from satisfactory 
[0009] It is therefore an object of the present invention to provide a nickefpowder which, when used together with a 
paste-forming dispersant to fonii an electrically conductive paste, exhibits excellent dispersibility and. when used in a 
multilayer ceramic capacitor, pennits the prevention of shortdrcuiting and delamination due to unevenness of electrode 

IS surfaces. 

[001 0] It is another object of the invention to provide a process for preparing an electrically conductive paste in which 
nickel powder is thoroughly and highly dispersed. 

(Means of solving the problems) 

20 

[001 1] After our intensive search for ways of realizing the above objects of the invention, it has now been found that 
a dispersion obtained by adding an organic solvent to a aqueous dispersion of ultrafine nickel powder exhibits very 
high dispersibility of the nickel powder when.it is added to an electrically conductive paste-forming dispersant, and Is 
suitable for applications as conductive paste, espedaliy as a conductive paste for multilayer ceramic capadtors. The 

25 present invention Is predicated upon this discovery. 

[0012] In brief, the Invention provides a nickel powder dispersion comprising an aqueous nickel powder dispersion 
composed of superfine nickel powder having a mean particle diameter of no more than one micrometer and an aqueous 
solvent, and an organic solvent added to the aqueous dispersion in such form that said organic solvent replaces at 
least a part of the aqueous solvent A surface active agent may further be added to the dispersion. 

30 [0013] The invention also provides, in a preferred form, a process for preparing a nickel powder dispersion which 
comprises forming an ultrafine nickel powder with a mean particle diameter of no more than one micrometer by a vapor 
phase reaction which involves reaction by contacting between nickel chloride gas and a redudng gas, washing the 
resulting nickel powder with water, adding pure water, thereby forming an aqueous nickel dispersion having an aqueous 
solvent concentration of no less than one percent by weight, adding a surface active agent as needed, and thereafter 

35 adding an organic solvent with at least a partial replacement of the aqueous solvent, whereby a nickel powder dispersion 
having an organic solvent concentration between 5 and 200 percent by weight is produced. 

[001 4] The invention further provides a process for preparing an electrically conductive paste which comprises adding 
an organic dispersant for forming an electrically conductive paste to the above nickel powder dispersion, and thereafter 
mixing and kneading the components. 
^ [0015] For ttie purposes of ttie invention the expression "highly dispersible" or "excellent dispersibility" is used to 
mean that an ultrafine nickel powder undergoes less aggregation of the partides into secondary particles than usual 
and, when Its cumulative size distribution as suspended in a solvent is determined using a laser light scattering partide 
counter (manufactured by Coulter Co. under the trade designation "Coulter LS230"), the mean particle diameter (e.g., 
D50) and coarse partide diameter (e.g., D90) are smaller than usual. 

45 

(Embodiments of the invention) 

[0016] FIG. 1 is a flow sheet illustrating a typical process for preparing an aqueous dispersion of ultrafine nickel 
powder and an electilcally conductive paste in conformity with the present invention. 

so 

1. Nickel powder 

[0017] The nickel powder to be used under the invention is an ulta^fine powder with a mean particle diameter of no 
greater than one micrometer. There is no spedal limitation to the mean particle diameter below one micrometer, unless 
55 it has any adverse effect upon the resulting electrically conductive paste or multilayer ceramic capadtor. With the recent 
tendency toward lighter and smaller electi-onic products, multilayer ceramic capacitors as ttieir components too are 
required to be smaller than heretofore. Accordingly, there is demand for nickel powder of smaller diameter for use in 
the intemal electrodes of ttiose capadtors. The smaller the mean partide diameter and the larger the specific surface 
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20 



area, the more often the nickel particles tend to cause troubles, such as the aggregation of particles during the course 
of preparing a conductive paste or manufacturing a multilayer ceramic capacitor and a relatively large volatile content 
that evaporates upon sintering. 

[0018] The nickel powder for use in the present invention Is an ultrafine powder with a mean particle diameter de- 
s sirably In the range from 0.01 to 1 ^m. more desirably in the range from 0.05 to 0.5 ^m. Typical mean particle diameters 
are 0.2 \m and 0.4 ^m. 

[0019] The nickel powder desirably has a specific surface area In the range from 1 to 20 m^/g as determined by the 
BET adsorption method. 

[0020] It is further desirable that the nickel powder has a spherical particle shape to enhance Its dispersibllity as well 
10 as sintering properties. 

[0021] The nickel powder for the Invention can be produced by any known method such as a vapor phase or liquid 
phase process. Above all, a vapor phase reduction process in which nickel chloride gas and a reducing gas are brought 
Into contact to form a nickel powder or a spray thermal decomposition process in which a thermally decomposable 
nickel compound is thermaNy decomposed by spraying Is particutariy desirable because the particle size of the resulting 
IS nickel powder is easy to control and spherically shaped particles can be produced with good efficiency. 

[0022] The vapor phase reduction process Involves a reaction between vaporized nickel chloride and a reducing gas 
such as hydrogen. For this purpose solid nickel chloride may be heated to produce nickel chloride gas. In consideration 
of the energy efficiency as well as the prevention of oxidation or moisture absorption of nickel chloride, a more advan- 
tageous approach is a method of manufacturing a nickel powder which comprises continuous production of nickel 
cNoride gas through contact of metallic nickel with chlorine gas, direct feeding of the nickel chloride gas to a reduction 
process, and continuous reduction of the nickel chloride gas through contact with a reducing gas. 
[0023] In the process of manufacturing a nickel powder through a vapor phase reduction reaction, the contact be- 
tween nickel chloride gas and a reducing gas instantly forms nickel atoms, and the collision and aggregation of the 
nickel atoms cause the formation and growth of ultrafine particles. The particle diameter of the resulting nickel powder 
25 is determined by the partial pressure, temperature, and other conditions of the nickel chloride gas In the course of 
reduction. In the afore-described process for produdng a nickel powder, nickel chloride gas is generated in an amount 
corresponding to the supply of chlorine gas. Through control of the chtorine gas supply, therefore, the quantity of ruckel 
chloride gas to be fed to the reduction process can be acjgusted and thereby the particle diameter of the nickel powder 
thus obtained can be controlled. A metal chloride gas Is generated by the reaction between chlorine gas and a metal 
30 and. unlike the case in which a metal chloride gas is produced by the evaporation on heating of a solid metal chloride. 
It consumes less canier gas or not at all depending on the conditions for production. Hence the vapor phase reduction 
permits the cutdown of the manufecturing cost through the consumptk>n of less carrier gas and less energy for heating 
use. 

[0024] The partial pressure of nickel chloride gas during the course of reduction can be controlled by mixing an Inert 
gas with the nickel chloride gas that has been generated by chlorination. The control of the chlorine gas supply or of 
the partial pressure of nickel chloride gas being supplied to tiie reduction process makes it possible to control the 
particle size of the nickel powder too. Thus the particle size of ttie nickel powder can be stabilized and fixed as desired. 
[0025] The conditions for producing nickel powder by the vapor phase reduction method as described above are 
suitably set so as to attain a mean particle diameter of no greater than one micrometer. By way of example, the metallic 
^ nickel as the starting material desirably is in the form of granules, lumps, or plates, with a particle diameter between 
about 5 and about 20 mm. it is also desirable that the metallic nickel has a purity of approximately 99.5% or upwards. 
The metallic nickel is first allowed to react with chlorine gas to generate nickel chloride gas. The temperature for this 
purpose Is above 800»C to effect thorough reaction but Is below 1453*^0, the melting point of nickel. Considering the 
reaction velocity and the durability of the chlorination fiimace, a desirable practical temperature ranges from 900*'C to 
IIOO^C. This nickel chloride gas is then directiy fed to the reduction process for reaction with a reducing gas such as 
hydrogen gas. Alternatively, a mixed gas, consisting of the nickel chloride gas and an inert gas such as nitrogen or 
argon added in an amount of fi^om 1 to 30 mol% to the nickel chloride gas, may be Intiioduced into ttie reduction process. 
It Is also possible to supply chlorine gas together with, or independentiy of, ttie nickel chloride gas to the reduction 
process.. The supply of chlorine gas to the reduction process makes it possible to adjust the partial pressure of the 
nickel chloride gas and control the particle size of the resulting nickel powder. While the temperature for the reduction 
reaction has only to be high enough for the conclusion of tt)e reaction, it is desired to be below the melting point of 
nickel because it forms solM nickel powder that is easier to handle. From ttie economic viewpoint, a temperature range 
from 900'>C to 1100»C is practically advantageous. 

[0026] Once ntekel powder is formed by the foregoing reduction reaction, it Is then cooled. A desirable practice for 
this purpose Is rapid cooling of the gas sti-eam around 1 000°C after tiie reduction reaction down to alxjut 400 to 800°C 
by the Inti-oduction of niti-ogen gas or other inert gas. This renders it possible to prevent the formation of secondary 
particles due to the aggregation of the primary particles of ttie resulting nickel powder and obtain a nickel powder of 
desired particle size. The nickel powder so obtained is separated and recovered using, for example, a bag filter. 
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[0027] For the manufacture of nickel powder by spray thermal decomposition, a themtally decomposable nickel 
compound is used as the starting material. To be more specific, the starling material is one or two or more of nickel 
compounds, such as nickel nitrates, sulfetes. oxynitrates. oxysulfates, chlorides, ammonium complexes, phosphates, 
cartx)xylates, and alkoxy compounds. A solution containing such a nickel compound or compounds is sprayed to fbrni 
5 minute liquid droplets. A solvent to be used for this purpose is water, alcohol, acetone, ether or the like. The spraying 
is perfomied using ultrasonic wave, double jet nozzle or the like. The nickel compound in the form of minute droplets 
Is heated at elevated temperature for thermal decomposition to form a metallic nickel powder. The heating temperature 
is above the point at which the specific nickel compound used is thermally decomposed, preferably in the vicinity of 
the melting point of nickel. 

fO 

2. Aqueous nickel powder dispersion 

[0028] Under the Invention the nickel powder thus obtained is suspended in water to fomi. at first, an aqueous dis- 
persion or the nickel powder dispersed In an aqueous solvent to an aqueous solvent concentration of 1 wt% or more. 

IS preferably between 5 and 300 wt%. more preferably between 1 0 and 1 00 wt% or more. Here the term "aqueous solvent 
concentration" is used to mean the percentage by weight of the aqueous solvent with respect to the weight of the nickel 
powder in the dispersion. This means that the aqueous nickel powder dispersion is a slurry-like mixture of 100 parts 
by weight nickel powder and at least 1 part by weight, preferably from 5 to 300 parts, more preferably from 10 to 100 
parts by weight, water. It is advisable to wash the nickel powder with water before suspension in water to remove nickel 

20 chloride particles and other foreign matter and, where necessary, to remove coarse particles and adjust the particle 
size of the nickel powder using a wet classifier such as a hydrocydone. The prior art methods of manufacturing nickel 
powder similarty form nickel powder and wash it with water likewise. To obtain a final nickel powder product, the nickel 
powder is separated and dried to a powder free from water. According to the present invention, by contrast, an aqueous 
dispersion of nickel powder Is prepared In the manner descn'bed above, and then the nickel powder Is not dried but 

25 the aqueous solvent concentration Is adjusted to be not less than one percent by weight, whereby the final nickel 
powder dispersibillty is enhanced. In brief, a desirable procedure for the preparation of an aqueous dispersion of nickel 
powder according to the invention comprises forming nickel powder, for example, by vapor phase reduction in which 
nickel chloride gas and a reducing gas such as hydrogen are brought Into contact, washing the resulting powder with 
water, adding pure water to settle down the nickel powder, removing the supernatant fluid by decantation. and thereafter, 

30 without drying the nickel powder, preparing an aqueous dispersion of the powder with an aqueous solvent concantratiori 
of one percent by weight or more. 

[0029] A desirable aspect of the invention is adding a surface active agent to the aqueous dispersion of nickel powder 
prepared as above. The addition of a surface active agent facilitates the replacement of the water solvent with an 
organic solvent as will be described later and eventually allows the resulting paste to exhibit outstanding paste prop- 
35 erties. The surface active agent to be used is one or two or more agents selected from the group consisting of cationic, 
anionic, amphoteric, nonionic, fluorine, and reactive surface active agents. 

[0030] To be more concrete, useful cationic surface active agents include primary to tertiary aliphatic amine salts, 
quaternary aliphatic ammonium salts. l>enzalkonium salts, benzethonium chlorides, pyridinium salts, and imidazolium 
salts. 

[0031] Among anionic surface active agents are fatly acid soaps, N-acytamino add or Its salts. cartx>xylates such 
as polyoxyethylene alkytether cartx>xylates. sulfonates such as alkylbenzene sulfonates, alkylnaphthalene sulfonates, 
dialkylsutfbsucdnic ester salts, dialkylsulfosucdnates, and alkylsulfoacefates, sulfated oil. sulfuric ester salts such as 
higher alcohol sulfuric ester salts, polyoxyethylene alkylether sulfates, polyoxyethylene alkylphenylether sulfates, and 
monoglysulfates, and phosphoric ester salts such as polyoxyethylene alkylether phosphates, polyoxyethylene phe- 
45 nylether phosphates, and alkylphosphates. 

[0032] Amphoteric surface active agents indude carboxybetaine type, aminated ribonate. imidazylinlumbetalne, lec- 
ithin, and alkyiamine oxides. 

[0033] Examples of nonionic surface active agents are ether type ones such as polyoxyethylene mono- or di- 
alkylethers in which flie alkyl group has 1 to 18 carbon atoms, polyoxyethylene binary alcohol ethers, polyoxyethylene 

so alkylphenyl ettiers, polyoxyethylene sterol ethers, and polyoxyethylene lanolin derivatives, ether esters such as poly- 
oxyethylene glycerin fatty add esters, polyoxyethylene castor oil, polyoxyethylene sorbitan fatty acid esters, polyox- 
yethylene sorbitol fatty acid esters, and polyoxyethylene fatty add alkanolamide sulfates, ester type ones such as 
polyethylene glycol fatty add esters, ethylene glycol fatty acid esters, fatty add monoglycerides. polyglycerin fatty add 
esters, sorbitan fatty add esters, propylene glycol fatty add esters, and sucrose fatty add esters, and nltix>gen-con- 

55 taining type ones such as fatty add alkanolamides. polyoxyethylene fatty add amides, and polyoxyethylene 
alkylamines. 

[0034] Examples of fluorine surface active agents are fluoroalkytcarboxylic adds, perfluoroalkylcarboxylic adds, and 
disodlum rvperfluorooctanesulfonylglutamate. 
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[0035] Reactive surfece active agents are, for example, potyoxy ethylene a Ilytglycidylnonyf phenyl ether and polyox- 
yethytene propenytphenyl ether. 

[0036] The above-mentioned surface active agents may k>e used either singly or as a combination of two or more. 
Of these agents, desirable are the nonionic surface active agents whose l-ILB (hydrophiiio-lipophilic balance) values 

5 usually range firom 3 to 20. Particulariy desirable are the hydrophilic nonionic surface active agents with an HLB between 
10 and 20. To t>e more specific, by far the more desirable are one or two or more agents selected from the group 
consisting of polyoxyethylene alley] phenyl ethers such as nonytphenol ether and their phosphates and mixtures, poly- 
oxyethylene sorbitan fatty add esters such as polyoxyethylene sorbitan monostearate, polyglycerin fatty add esters 
such as polyglycerin monostearate, and sorbitan fatty acid esters such as sorbitan monostearate. 

10 [0037] Particularly suitable surface active agents are polyoxyethylene allcylphenyl ethers, their phosphates, arKi their 
mixtures. 

3. Nickel powder dispersion 
(with organic solvent added) 

[0038] Next, an organic solvent is added to an aqueous dispersion of nickel powder prepared in the foregoing way. 
Organic solvents useful for the invention are alcohols, phenols, ethers, acetones, aliphatic hydrocartx)ns, kero- 
sene, light oil, toluene, xylene, and other aromatic hydrocarbons, silicone oil, etc. Of these, the organic solvents soluble 

20 to some extent in water are desirable, typically alcohols, ethers, and acetones. Examples are methanol, ethanol. pro- 
panol. butanol. hexanol, 2-ethylhexanol. 2-methyI-1-propanol, isobutanol, 2-(ethylamino)-ethanol, 2-ethyl-1-butanol, 
3-ethyl-3-pentanol. 2Hsopropoxyethanol, 2-ethoxyethanol. 2>propoxyettianol. 2-methoxyethanol, 2-methoxymethox- 
yethanol, 1-octadecanol. n-octanol, 2,3-epoxy-1-propanol, cydohexanol. dimethylbutanol, dimethytpropanol. 
2.6-dimethy1-4-heptanol, 2,4-dimethyl-3-pentanol, 1,3-dimethoxy-2-propanol, dimethoxypropanol, 1-decanol. 1-do- 

25 decanol. trimethylbutanol. 3.5,5-ti1methythexanol. nonanol. phenylethanol, 2-methyU2-propanol, t-butanol. methylpro- 
panol. 1-mett)oxy-2-propanol, 1-ethoxy-2-propanol, 1-butoxy-2-propanol. hexadecanol. heptadecanol, t-pentylalcohol. 
methylcyclohexanol, 2-methyl-1-butanol, 3-methyl-1 -butanol. 3-methyl-3-pentanol. 3-methoxybutanol. 2-(2-butox* 
yethoxy)ethanol. anilinoethanol, aminoethanol, aminopropanol. aminobutanol. 2-(butytamino)ethanol. 2-(methylami- 
no)ethanol. 2-amino-2-ethym.3-propanediol, 2-amino-2-mefl^yM,3-propanedlot. diphenylethanediol. ethylene glycol, 

30 glycerin, 2-ethyl-1,3-hexanedloI. 2-chloro-1,3-prDpanediol, cis-1 ,2-cyclohexanediol, cis-1.4-cyclohexanediol, 
3,5-dImethyl-1-hexine-3-ol, terpineol, butanedlol, butenol. butoxypropanediol, propanediol, hexanedlol, hexylene gly- 
col, pentanediol, a-terpineol, diethyl ether, acetone, polyoxyethylene glycol having a polymerization degree of 2, poly- 
oxypropylene glycol, and polyoxyethylene glycol monoester. The use of ethanol type alcohols is particularly preferred. 
These organic solvents may be used in a combination of two or more. For a desirable combination, for example, a 

35 plurality of different alcohols may be mixed or a water-soluble alcohol and a solvent insoluble in water, such as a 
saturated hydrocarbon solvent may be combined. Even with an organic solvent that is not soluble in water, such as 
a-terpineol, ttie addition of a surface active agent to an aqueous dispersion or organic solvent permits efRdent re- 
placement of water witti the organic solvent to give a nickel powder dispersion of the invention. 
[0039] The organic solvent is added to an aqueous dispersion of nickei powder to obtain a nickel powder dispersion 

40 according to this inventiori. Under ttie invention, the aqueous solvent may remain unremoved in the nickel powder 
dispersion but preferably, after the addition of the organic solvent, water is removed from the dispersion so that it may 
be replaced by the organic solvent to which the solvent is added. At this point the residual water content in the dispersion 
is no more than 10% by weight preferably no more ttian 5% by weight, more preferably no more than 2% by weight 
on the kiasis of the weight of nickel powder in the dispersion. Thus, the nickel powder dispersion according to the 

45 invention may take two alternate fomis; one consisting of nickel powder and the organic solvent and the other consisting 
of nickel powder, the organic solvent and water. As for the replacement procedure, one consists of adding an organic 
solvent and washing the nickel powder with the same organic solvent by repeating decantation or filtration several 
times. An altemative process consists of adding an organic solvent and then evaporating water by heating or under 
reduced pressure. The replacement of water with an organic solvent is advantageous in that, when preparing an elec- 

so trically conductive paste, the dispersion is fevorably compatible with an organi6 dispersant that is used in forming the 
conductive paste, enharu^ing the dispersibility of the nickel powder to prevent Its aggregation. 
[0040] The concentration of the organic solvent in a nickel powder dispersion according to the invention is not spe- 
dally limited. Considering the ease of handling and shelf life of the electrically conductive paste to be prepared, it is 
desirable that the organic solvent concentration is between 5 and 200% by weight, more desirably between 10 and 

55 100% by weight most desirably t>etween 20 and 60% by weight. By "organic solvent concentration* is meant the 
percentage by weight of the organic solvent on the basis of the weight of the nickel powder in a dispersion. This means 
that the nickel powder dispersion according to the invention is a slurry-like mixture of 1 00 parts by weight nickel powder 
and from 5 to 200 parts by weight preferably from 10 to 100 parts, more preferably from 20 to 60 parts by weight 
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organic solvent. 

[0041 ] The nickel powder dispersion of the invention may contain the same surface active agent as mentioned at>ove. 
The procedure for the addition of the surface active agent is either adding it following the addition of the organic solvent 
or adding it in advance to the organic solvent to be used and then adding the mixture to an aqueous dispersion of the 

5 nickel powder For this purpose it is desirable to add the surface active agent as diluted with, or dissolved in, the above- 
mentioned organic solvent such as alcohol or acetone. The amount of the organic solvent to be used In diluting the 
surface active agent is between 1 and 50 parts by weight preferably k)etween 10 and 40 parts by weight, per part by 
weight of the agent The addition of a surface active agent is effective in that it promotes the replacement of an aqueous 
nickel powder dispersion with an organic solvent Considering the functional efficiency of a surfece active agent it is 

fo advisable to add a surface active agent t>eforehand to an aqueous nickel powder dispersion, allow thorough dispersion 
of the agent on the particle surface, and then add an organic solvent for replacement Also, when an aqueous nickel 
powder dispersion is prepared by water washing the nickel powder made by the vapor phase reduction or other afbre- 
descrit>ed method, the addition of a sur^ce active agent is desirable for the eventual preparation of a highly dispersible 
nickel powder dispersion and electrically conductive paste. 

IS [0042] \Nhne there is no special limitation to the proportion of tiie surface active agent the agent is added in an 
amount large enough to fbmi a monomolecutar film of the agent on the particle surface of ttie nickel powder. The 
amount of the surface active agent to be used usually per kilogram of tiie ntokel powder is between 0.0001 and 100 
g, preferably between 0.1 and 50 g, more preferably between 0.5 and 25 g. 

[0043] Concrete procedures for preparing a nickel powder dispersion according to ttie invention will now be described 

20 by way of example. 



(1 ) Adding an organic solvent such as alcohol to an aqueous nickel powder dispersion, stirring the mixture, allowing 
the mixture to stand still, tiien separating water by decantation. and ttiereafter removing tiie residual water content 
by heating at 50 to 150°C to obtain a nickel powder dispersion. 

(2) Adding a surfece active agent such as polyoxyethylene alkylphenyl ether to an aqueous nickel powder disper- 
sion with stining, and further adding an organic solvent such as a-terpineol with stining. After standing, decanting 
the mixture to separate water, and heating the mixture at 50 to ISCC to remove the residual water content and 
obtain a nickel powder dispersion. 

(3) Adding a surface active agent such as polyoxyethylene alkylphenyl ether to an aqueous nickel powder disper- 
sion with stirring, adding an organic solvent such as a-terpineol with stirring, and further adding a surface active 
agent containing tiie polyoxyethylene alkylphenyl etiier with stining. After standing, decanting the mixture to sep- 
arate water, and heating the mixture at 50 to 1 50*'C to remove the residual water content and obtain a nickel powder 
dispersion. 

(4) Adding a surfece active agent such as polyoxyethylene alkylphenyl ether to an aqueous nickel powder disper- 
sion with stirring, adding a surface active agent containing ttie polyoxyethylene alkylphenyl ether with stirring for 
dispersion, and furttier adding an organic solvent such as a-terpineol witti stirring. After standing, decanting the 
mixture to separate water, and heating the mixtures at 50 to 1 50*'C to remove tiie residual water content and obtain 
a nickel powder dispersion. 

(5) Adding a surface active agent such as polyoxyethylene alkylphenyl ether to an aqueous nickel powder disper- 
sion with stirring, adding a surface active agent containing the polyoxyethylene alkylphenyl ether diluted with an 
organic solvent such as acetone with stim'ng for dispersion, and further adding an organic sohrent such as a- 
terpineol with stirring. After standing, decanting the mixture to separate water, and heating the mixture at 50 to 
150'C to remove the residual water content and obtain a nickel powder dispersion. 

[0044] Of these procedures, (3) to (5) involve tiie addition of a surface active agent to a nickel powder disperston. 
The surface active agent to be added desirably causes aggregation to some extent of the nickel powder In the form of 
ulti^afine particles about 0.1 }im or smaller in diameter This permits effective replacement witti an organic solvent at a 
later stage of tiie process and makes it possible to prepare eventually a highly dispersible electrically conductive paste. 
Ordinarily, when the nickel dispersion is prepared, the supernatant fluid is removed by decantation but the particles 
finer than 0.1 ^im across can scarcely be removed, thus reducing the yield of the eventually obtained nickel powder 
dispersion. In conti-ast to ttiis, the preparation of ttie nickel powder dispersion witti some prior aggregation by means 
of a surface active agent or the like in ttie manner descrit>ed above will increase the yield. 

[0045] As noted above, ttie nickel powder dispersion of ttie Invention possesses very good dispersibility. and an 
electiically conductive paste formed using ttie dispersion exhibits outstanding dispersibility. and consequentiy a mul- 
tilayer ceramic capacitor made using the paste is protected against shortdrcuifing or delamination due to unevenness 
of electiDde surfaces. 
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4. Preparation of an etectrically conductive paste 

[0046] An electrically conductive paste according to the Invention Is prepared by employing the nickel powder dis- 
persion and adding an organic dispersant to the dispersion and thereafter kneading the mixture. 
s [0047] To k>e more specific, the conductive paste is prepared by adding the nickel powder dispersion to an organk: 
solvent such as terplneol or decyl alcohol and to an organic dispersant. for example, a cellulosic organic resin such 
as ethyl cellulose. A plastidzer such as phthalic ester may be added too. 

[0048] The nickel powder dispersion of the invention obtained as above, when used in an electrically conductive 
paste, exhibits excellent dispersibility and, when the paste in turn is used in fabricating a multilayer ceramic capacitor, 
10 it protects the capacitor against shortcircuiting and delamination. The nickel powder dispersion permits the preparation 
of an electrically conductive paste in which the nickel powder is highly and thoroughly dispersed. 

(Woridng examples) 

f 5 [0049] The present invention will be described in further detail In connection with its concrete examples below. 

[0050] The mean particle diameter and the particle size distributton of the particles dispersed in a dispersant were 
determined by the following methods. 



,20 



(Detenmirtation of the mean partide diameter) 

[0051] Test nickel powder was photographed through an electron microscope, and the diameters of 200 metallic 
particles in the photo were measured and the mean value was computed. The partide diameter represented the di- 
ameter of the minimum drde surrounding each partide. 

25 (Detenmination of the partide size distiibution of the powder dispersed in a paste-forming dispersant) 

[0052] Using a laser light scattering partide counter ("Coulter LS230" manufactured by Coulter Co.). a proper amount 
of a nickel powder dispersion or dry nickel powder was suspended in a-terpineol and dispersed under the influence of 
supersonic waves for 3 minutes. The partide size of the metallic powder in the dispersion was determined at a sample 
30 refraction index of 1.8. and the particle size distribution at a volume statistical value was found. In the particle size 
distributions summarized in Table 1. D90. D50. and D10 show ttie partide sizes at cumulative sizes of 90%. 50%, and 
10%, respectively. 



35 



so 



[Example 1] 

(Preparation of nickel powder] 



[0053] A process for preparing nickel powder by a metal powder manufacturing equipment lllusto^ted in FIG. 1 will 
now be explained. 

40 [0054] At a chlorination stage, a chlorination furnace 1 was changed with 15 kg of nickel powder M having a mean 
particle diameter of 5 mm as a starting material. At Oie same time, the temperature of the atmosphere inside ttie furnace 
was set to IIOO'^C by heating means 10. Next, chlorine gas was supplied from a chlorine gas supply line 14 to the 
chlorination furnace 1 at a flow rate of 4 Nl/min, to chlorinate the metallic nickel and generate nickel chloride gas. This 
nickel chloride gas was mixed with nltix>gen gas supplied from an inert gas supply line 15 In ttie lower part of tiie 
45 chlorination fumace 1 at a rate of 10% (molar ratio) of the chlorine gas supply. It is advisable that a screen 16 be set 
up at the bottom of the chlorination fumace so that the material nickel powder M can t>e deposited on the screen 16. 
[0055] In a reduction stage ttiat followed, the nickel chloride-nitrogen mixture gas was fed through a nozzle 17 into 
a reduction fumace 2 heated by heating means 20 to an internal atmosphere temperature of 1000**C at a flow rate of 
2.3 m/sec (as at 1000*'C). Concun-entiy, hydrogen gas was supplied through a redudng gas supply line 21 connected 
to the top of the reduction fumace 2 to the fumace at a flow rate of 7 Nl/min to deduce the nickel chloride gas. As the 
reduction reaction between nickel chloride gas and hydrogen gas proceeded, a downwardly extending flame F like the 
flame of combustion of gaseous fuel such as LPG was formed under the lower end of the nozzle 17. 
[0056] The reduction was followed by a cooling stage. The nickel powder P formed by the reduction reaction was 
cooled through contact with nitiiogen gas supplied by a cooling gas supply line 22 connected to ttie lower part of the 
55 reduction fumace 2. The nickel powder P was separated and recovered. 
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(Preparation of an aqueous dispersion of nickel powder) 

[0057] The recovered nickel powder P was then washed with water. Finally pure water was added and the nickel 
powder was allowed to settle down. The supernatant fluid was removed by decantation. and an aqueous dispersion 
5 of nickel powder was obtained. The water solvent concentration at this point was 60% by weight 

(Preparation of an organic solvent dispersion of nickel powder) 

[0058] To 2.5 kg of the aqueous dispersion of nickel powder (1 kg nickel powder and 1.5 kg water) was added 1 kg 
10 of 2-(2-n-butoxyethoxy)ethanol. The mixture was stirred at room temperature to disperse the nickel powder and was 
dried at 120**C for 16 hours and then at 100**C for 48 hours to obtain a nickel powder dispersion. The dispersion was 
practically free from residual water, the total water content having been replaced by the 2-(2-n-butoxyethoxy)ethanol. 
[0059] The mean particle diameter of the nickel powder dispersion thus obtained was determined. 

(Preparation of an electrically conductive paste) 

[0060] The nickel powder dispersion was further dispersed In a-terepineol, a dispersant for fbmning an electrically 
conductive paste. The particle size distribution was determined and the result was given In Table 1. 

20 [Example 2] 

[0061] The aqueous nickel dispersion prepared in Example 1 was freed from coarse particles larger than 1.0 ^m in 
diameter by a hydrocyclone and was washed, and pure water was added to the dispersion. Further, a mixture of 80% 
polyoxyethytene alkylphenyl ether phosphate and 20% potyoxyethylene alkylphenyl ether was added in an amount of 
2S 0. 1 % by weight on the basts of the weight of the nickel powder with stinlng. The nickel powder was allowed to setUe 
down, the supernatant fluid was removed by decantation, and an aqueous dispersion of the nickel powder was obtained. 
The water solvent concentration at this stage was 60% by weight 

[0062] The aqueous nickel powder dispersion was sampled in an amount of 2.5 kg (1 kg nickel powder and 1.5 kg 
water) . and 1 kg of a-terplneol and 2.5 kg of a mixture of 80% polyoxyethytene alkylphenyl ether phosphate and 20% 
30 polyoxyethylene alkylphenyl ether were added to the dispersion. The mixture was dried at 1 20*'C for 1 6 hours and then 
at 100°C for 48 hours. to obtain an aqueous nickel powder dispersion. The dispersion was practically free from resklual 
water, the total water content having been replaced by the a-terplneol. 

[0063] The mean partide diameter and particle size distributton of the nickel powder dispersion thus obtained were 
determined, and the results are given in Table 1. 

15 

[Example 3] 

[0064] The aqueous nickel dispersion prepared in Example 1 was freed from coarse particles larger than 1.0 |im in 
diameter by a hydrocyclone and was washed, and pure water was added to the dispersion. Further, a mixture of 80% 
^ polyoxyethylene alkylphenyl ether phosphate and 20% polyoxyethylene alkylphenyl ether was added in an amount of 
0.1% by weight on the basis of the weight of the nickel powder with stirring. The nickel powder was allowed to settle 
down, the supernatant fluid was removed by decantation, and an aqueous dispersion of the nickel powder was obtained. 
The water solvent concentration at this stage was 60% by weight 

[0065] 2.5 kg of the aqueous nickel powder dispersion (1 kg nickel powder and 1,5 kg water) was sampled, and a 
^ mixture of 80% polyoxyethylene alkylphenyl ether phosphate and 20% polyoxyethylene alkylphenyl ether diluted with 
acetone was added to the dispersion in an amount of 2.5% by weight on the basis of the nickel powder. The mixture 
was stin-ed at 70°C to disperse the nickel powder. Further, 1 kg of a-terpineol was added and stined at room temper- 
ature. After removal of water by decantation. the mixture was dried at 120*0 for 16 hours and then at 100*C for 48 
hours to obtain an aqueous nickel powder dispersion. The dispersion was practically free from resklual water, the total 
so water content having been replaced by the a-terpineol. 

[0066] The mean particle diameter and particle size distributton of the nickel powder dispersion thus obtairied were 
determined, and the results are given in Table 1. 

[Comparative Example 1] 

55 

[0067] The aqueous dispersion of nickel powder obtained in Example 1 was dried by heating without the addition of 
the organic solvent to obtain a nickel powder. The nickel powder freed firom water was dispersed in the paste-fomiing 
dispersant in the same manner as described In Example 1 . and the particle size distribution was determined and shown 
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in Table 1 . 

[Comparative Example 2] 

[0068] The aqueous dispersion of nickel powder obtained in Example 1 was used without the addition of the organic ' 
solvent and dispersed In the paste-forming dispersant in the same manner as in Example 1. and the particle size 
dlstn'butlon was detemnlned and shown in Table 1. 



Table 1 



20 





Example 


Example 


Example 


Comparative 


Comparative 




1 


2 


3 


Example 1 


Example 2 


Mean particle 


0.49 


0.49 


0.49 


0.49 


0.49 


diameter (^m) 












Particle size 












distribution dim) 












D90 


1.82 


1.79 


0.65 


2.34 


2.19 


D50 


1.27 


1.15 


1.07 


1.54 


1.51 


D10 


0.70 


0.69 


0.66 


1.12 


0.91 



(Testing the surface roughness of nickel electrode layers) 



[0089] The nickel powder dispersions of Examples 1 to 3 and Comparative Example 2 and the nickel powder of 
2Q Comparative Example 1 after the removal of water were applied on substrates, and the substrates were heated to 
evaporate the liquid to form electrodes, and their surface roughness values were determined. Table 2 shows the results. 
The conditions used In determining the surface roughness were as follows: 

(1) Paste composition : 

30 

a-terpineol 42 wt% 
ethyl cellulose 3 wt% 
nickel powder 55 wt% 

35 (2) Substrate : glass 

(3) Paste coating means : screen printing 

(4) Paste evaporating conditions : nitrogen gas atmosphere at 400''C 

(5) Surface roughness tester electron three-dimensional roughness analyzer fERA-^OOO" manufactured by Eli- 
onics Co.) 

40 (6) Method of determining surface roughness 

[0070] The area of a region surrounded by roughness curves drawn for individual scanning lines and the centeriine 
was divided by the transverse length, i.e.. the centeriine mean roughness, was taken as ttie surface roughness of a 
field of vision, and the mean value of 1 0 such field samples was determined as the surface roughness of the paste. 
^ The lower the surface roughness the fewer the aggregates of nickel particles In the electrode layer, and hence the 
higher the degree of dispersion of nickel powder in the resulting electrically conductive paste. 



Table 2 





Example 
1 


Example 
2 


Example 
3 


Comparative 
Example 1 


Comparative 
Example 2 


Surtece 
roughness 
Oim) 


0.080 


0.065 


0.052 


0.249 


0.0215 



[0071] As can be seen from Table 1 . the nickel powder dispersions in an organic solvent according to Examples of 
the invention showed the same mean particle diameter as observed under a scanning electron micrograph (SEM) as 
those of the nickel powder and aqueous nickel powder dispersion of Comparative Examples. Nevertheless, they differed 
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in the particle size distribution of nickel powder as dispersed in a paste-fbmning dispersant The nickel powders in the 
organic solvent dispersions of Examples were smaller in particle size than the powders of Comparative Examples 
throughout the ranges of D10-D50-D90. Their D9O-D50 value of 0.55 indicated that the aggregation of the particles in 
the paste-forming dispersant had been kept low. Further, as shown in Table 2, experiments with these pastes in actually 
fomning electrode layers revealed that the conductive pastes prepared from the nickel powder dispersions according 
to the examples of the Invention gave electrode layers with low surface roughness values, limited aggregation of nickel 
particles used in conductive pastes, and very high dispersibllity. 

(Effects of the Invention) 

[0072] As has been described, the nickel powder dispersion according to the present Invention exhibits very good 
nickel powder dispersibllity, and also, when it is formed into an electrically conductive paste, the powder shows excellent 
dispersibllity In the conductive paste dispersion. Consequently, It can prevent the shortdrculting and delamination due 
to unevenness of the electrode surfaces when the pasta is used In fabricating multilayer ceramic capacitors. 

(BRIEF EXPLANATION OF THE DRAWINGS) 

[0073] 

20 FIG. 1 is a flow sheet of the process for preparing an aqueous dispersion of ultrafine nickel powder and an elec- 

trically conductive paste using the same in accordance with the present invention; and 

FIG. 2 is a vertically sectional view showing the construction of an equipment for manufacturing a metallic powder 
as used In the Examples of the invention. 
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Claims 



1 . A nickel powder dispersion comprising an aqueous nickel powder dispersion composed of ultrafine nickel powder 
having a mean particle diameter of no more than one micrometer and an aqueous solvent, and an organic solvent 
30 added to the aqueous dispersion In such form that sakJ organic solvent replaces at least a part of the aqueous 

solvent. 



2. A nickel powder dispersion comprising an aqueous nickel powder dispersion composed of ultrafine nickel powder 
having a mean particle diameter of no more than one micrometer, an aqueous soh^ent, and a surface active agent, 
and an organic solvent added to the aqueous dispersion in such forni that said organic soh/ent replaces at least 
a part of the aqueous solvent 

3. The nickel powder dispersion of daim 2, in which the surface active agent is polyoxyethylene alkylphenyi ether or 
a phosphate thereof or a mixture thereof. 

4. The nickel powder dispersion of daim 1 or 2. In which the mean partide diameter of the nickel powder is between 
0.01 and 1 |xm. 

5. The nickel powder dispersion of daim 1 or 2, in which the aqueous solvent concentration in the aqueous nickel 
45 powder dispersion is no less than one percent by weight, 

6. The nickel powder dispersion of daim 1 or 2. In which the organic solvent concentration in the nickel powder 
dispersion Is between 5 and 200 wt%. 



so 7. 



The nickel powder dispersion of any of daims 1 to 5. in which the organic solvent Is an alcohol. 



8. The nickel powder dispersion of any of claims 1 to 7, in which the nickel powder Is either a vapor phase reaction 
product obtained by reaction between nickel chloride gas and a redudng gas or a spray thermal decomposition 
product obtained by spraying and thermal decomposition of a thermally decomposable nickel compound. 

9. The nickel powder dispersion of any of claims 1 to 8. which Is intended for use as an electricaUy conductive pasta. 

1 0. The nickel powder dispersion of any of daims 1 to 9. which Is intended for use as internal electrodes for multilayer 
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ceramic capacitor 

11. A process for preparing a nickel powder dispersion which comprises fomilng an ultrafine nickel powder with a 
mean particle diameter of no more than one micrometer by either a vapor phase reaction which involves reaction 

5 between nickel chloride gas and a reducing gas or thermal decomposition by spraying and thermally decomposing 

a thermally decomposable nickel compound, washing the resulting nickel powder with water adding pure water, 
thereby fomiing an aqueous nickel dispersion having an aqueous solvent concentration of no less than one percent 
by weight, adding a surface active agent as needed, and thereafter adding an organic solvent with at least a partial 
replacement of the aqueous solvent, whereby a nickel powder dispersion having an organic solvent concentration 

to t>etween 5 and 200 percent by weight is produced. 

12. The process of claim 11, in which the organic solvent to be added to the aqueous dispersion is either mixed be- 
forehand with a surface active agent or added before the addition of the surface active agent 

f 5 1 3. The process of daim 1 1 or 1 2 , in which tine surface active agent is polyoxyethylene alkylphenyl ether or a phosphate 
thereof or a mixture thereof. 

14. The process of daim 11 , in which an alcoholic organic solvent is added to the aqueous nickel powder dispersion, 
the mixture is stin-ed and allowed to stand still, water is separated by decantation. and thereafter ttie mixture is 

^ heated at 50 to 1 SO^'C to remove water and obtain a nickel powder dispersion. 

15. The process of daim 11 or 12, in which polyoxyethylene alkylphenyl ether as a surface active agent Is added to 
the aqueous nickel powder dispersion, the mixture is stirred, a-terplneol is added as an organic solvent, the mixture 
is stin-ed and allowed to stand still, water is separated by decantation. and thereafter the mixture is heated at 50 

25 to 150^0 to remove water and obtain a nickel powder dispersion. 

16. The process of daim 11 or 12, in which polyoxyethylene alkylphenyl ether as a surface active agent Is added to 
the aqueous nickel powder dispersion, the mixture Is stirred, a-terpineol is added as an organic solvent further a 
surface active agent containing polyoxyethylene alkylphenyl ether is added, the mixture is stirred and allowed to 

30 stand still, water is separated by decantation, and thereafter the mixture Is heated at 50 to 1 SQPC to remove water 

and obtain a nickel powder dispersion. 



35 



17. The process of daim 11 or 12. in which polyoxyethylene alkylphenyl ether as a surface active agent is added to 
the aqueous nickel powder dispersion, the mixture is stirred, further a surface active agent containing polyoxyeth- 
ylene alkylphenyl ether is added, the mixture is stirred for dispersion, a-terpineol is added as an organic solvent 
the mixtura is stin-ed and allowed to stand still, water is separated by decantation. and thereafter the mixture is 
heated at 50 to 1 50<*C to remove water and obtain a nickel powder dispersion. 

18. The process of daim 11 or 12, in which polyoxyethylene alkylphenyl ether as a surface active agent is added to 
^ the aqueous nickel powder dispersion, the mixture is stirred, further a surface active agent containing polyoxyeth- 
ylene alkylphenyl ether diluted with acetone as an organic solvent is added, the mixture is stin-ed for dispersion, 
a-terpineol is added as an organic solvent, the mixture is allowed to stand still, water is separated by decantation, 
and thereafter tiie mixture is heated at 50 to 1 50°C to remove water and obtain a nickel powder dispersion. 

1 9. A process for preparing an electrically conductive paste whteh comprises adding an organic dispersant for forming 
an electrically conductive paste to the nickel powder dispersion of claim 1 or 2. adding a plastidzer as needed, 
and thereafter mixing and kneading the components. 

20. A process for preparation of a nickel powder dispersion characterized in that it comprises produdng an ulti^ne 
nickel powder of an average partide size of no more than ^\xm either by a gaiseous phase reaction in which a nickel 
chloride gas and a redudng gas are brought into contact to form a nickel powder or by a spray thermal decomposition 
process in which a thermally decomposable nickel compound Is sprayed and tiiermally decomposed; washing the 
resulting powder witti water, adding pure water to settie down the nickel powder to forni an aqueous nickel powder 
dispersion having an aqueous solvent concentration of at least 1 percent by weight, adding an organic solvent to 
replace at least a part of the aqueous solvent to form a nickel powder dispersion having an organic solvent concen- 
tration of 5-200 percent by weight, and adding a surface active agent to the aqueous nickel powder dispersion prior 
to the addition of the organic solvent, or blending a surface active agent witti the organic solvent beforehand, or 
adding a surface active agent to the nickel powder dispersion after the addition of the organic solvent 
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FIG. 1 

Metallic nickell H- Chlorine gas 
i 

iWlckel chloride gas| >- Hydrogen gas 

i 

^iiclcel powder! 
I 

Water washing (Removal of chloride) 

i 

Dftrflntfltlnn 
i 

gVqueous nickel dispersion {e.Q., 60% waterlV - Organic solvent 

I 

Iprgcuiic solvent-containing agueous nickel dispersioij 

I 

yickel powder dispersiont - Organic dispersant 

i 

lElectrically conductive pastel 



13 



EP1 195 773 A1 



FIG. 2 
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